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holding an optical element between optical fibers which 
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CONSTITUTION: The optical component is constituted 
by holding the optical element 9 between the 1st and 
2nd optical fibers 32 which are large in MFD and 
connecting the 3rd and 4th optical fibers 31 which are 
small ion MFD to those 1st and 2nd optical fibers. At 
the connection parts between the optical fibers, the 
suitable optical coupling is enabled by making the MFD 
of the 1st and 2nd optical fibers continuously small or 
the MFD of the 3rd and 4th optical fibers continuously 
large. The lengths of the 1st and 2nd optical fibers can 
optionally be set, so the fibers can be machined and cut 
so as to have a wide interval on a substrate, and the 
optical element can properly be incorporated even 
when made thick. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical element which has an optical incidence end face and an optical outgoing 
radiation end face, and the 1st optical fiber with which one end face was optically combined 
with said optical incidence end face, One end face is connected to the other~end side of this 
1st optical fiber, and it compares with the 1st optical fiber concerned. Relatively The 2nd small 
optical fiber of the diameter of the mode field, The 3rd fiber with which one end face was 
optically combined with said optical outgoing radiation end face. One end face is connected to 
the other-end side of this 3rd fiber, and it has the 4th small optical fiber of the diameter of the 
mode field relatively compared with the 3rd optical fiber concerned. Said 1st and 3rd optical 
fibers are optical components characterized by making the diameter of the mode field small 
continuously [ near / the / the other-end side ]. 

[Claim 2] Said 1st and 3rd optical fibers are optical components according to claim 1 which 
consist of ingredients to which the diameter of the mode field is relatively reduced by heating 
compared with said 2nd and 4th optical fibers. 

[Claim 3] It is the optical component according to claim 2 by which the 1st dopant which raises 
a refractive index, and the 2nd dopant to which thermal diffusivity lowers a refractive index 
greatly rather than this 1st dopant are contained in the core of said 1st and 3rd optical fibers, 
and fusion splicing of said 1st and 3rd optical fibers is carried out to said 2nd and 4th optical 
fibers with heating, respectively. 

[Claim 4] Said optical element has at least said optical incidence end face or said optical 
outgoing radiation end face either [ two or more ]. Optical coupling of one end face of the 5th 
optical fiber is carried out to this another end face, and one end face of the 6th optical fiber 
with the small diameter of the mode field is relatively connected to the other-end side of this 
5th optical fiber compared with the 5th optical fiber concerned. Said 5th optical fiber is an 
optical component according to claim 1 with which the diameter of the mode field is 
continuously made small [ near / the / the other-end side ]. 

[Claim 5] The optical element which has an optical incidence end face and an optical outgoing 
radiation end face, and the 1st optical fiber with which one end face was optically combined 
with said optical incidence end face. One end face is connected to the other-end side of this 
1 St optical fiber, and it compares with the 1 st optical fiber concerned. Relatively The 2nd small 
optical fiber of the diameter of the mode field. The 3rd fiber with which one end face was 
optically combined with said optical outgoing radiation end face. One end face is connected to 
the other-end side of this 3rd fiber, and it has the 4th small optical fiber of the diameter of the 
mode field relatively compared with the 3rd optical fiber concerned. Said 2nd and 4th optical 
fibers are optical components characterized by enlarging the diameter of the mode field 
continuously [ near / the / the other-end side ]. 

[Claim 6] Said 2nd and 4th optical fibers are optical components according to claim 1 which 
consist of ingredients to which the diameter of the mode field is relatively expanded by heating 
compared with said 1st and 3rd optical fibers. 

[Claim 7] It is the optical component according to claim 6 by which the 1st dopant which raises 
a refractive index is contained in the core of said 2nd and 4th optical fibers, the 2nd dopant to 
which thermal diffusivity lowers a refractive index greatly rather than said 1st dopant is 
contained in these dads, and fusion splicing of said 1 st and 3rd optical fibers is carried out to 
said 2nd and 4th optical fibers with heating, respectively. 
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[Claim 8] Said optical element has at least said optical incidence end face or said optical 
outgoing radiation end face either [ two or more ]. Optical coupling of one end face of the 5th 
optical fiber is carried out to this another end face, and one end face of the 6th optical fiber 
with the small diameter of the mode field is relatively connected to the other-end side of this 
5th optical fiber compared with the 5th optical fiber concerned. Said 6th optical fiber is an 
optical component according to claim 5 with which the diameter of the mode field is enlarged 
continuously [ near / the / the other-end side ]. 

[Claim 9] Said optical element and said 1st, 2nd, 3rd, and 4th optical fibers are an optical 
component according to claim 1 or 5 which are fixed on a single substrate and arranged 

superficially. 

[Claim 10] Said 1st, 2nd, 3rd, and 4th optical fibers are optical components according to claim 9 
currently fixed to the slot of the shape of V character formed in said substrate by inserting. 
[Claim 1 1] Two optical fibers for couplers which the 2nd large optical fiber of the diameter of 
the mode field was made to intervene in the middle relatively, and connected the 1 st two 
optical fibers which have the diameter of the mode field of abbreviation identitas rather than 
these 1st optical fibers They are the optical components with which it is made to join mutually, 
and consists of said 1st optical fiber part, and said 1st optical fiber is characterized by enlarging 
the diameter of the mode field continuously near the connection with said 2nd optical fiber. 
[Claim 12] Two optical fibers for couplers which the 2nd large optical fiber of the diameter of 
the mode field was made to intervene in the middle relatively, and connected the 1 st two 
optical fibers which have the diameter of the mode field of abbreviation identitas rather than 
these 1st optical fibers They are the optical components with which it is made to join mutually, 
and consists of said 1st optical fiber part, and said 2nd optical fiber is characterized by making 
the diameter of the mode field small continuously near the connection with said 1st optical 
fiber. 

[Claim 13] Said 2nd optical fiber is an optical component according to claim 11 or 12 with which 
the clad section is made thin by polish in the mutual plane of composition. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical components which used the optical 

fiber. 

[0002] 

[Description of the Prior Art] Conventionally, what is shown in drawing 1 1 is known as such 
optical components (the 1990 Institute of Electronics, Information and Communication 
Engineers autumn national conference, C-227). As illustration, one V groove 2 is engraved on 
the top face of a substrate 1, and the optical fiber 3 is inserted here. This optical fiber 3 is cut 
into an oblique position in the center section of a substrate 1, and is divided by two optical 
fibers 3A and 3B, and the dielectric multilayers filter 5 as an optical element is inserted in this 
insertion slot 4. In addition, as for the cutting section of optical fibers 3A and 3B, the diameter 
of the mode field is enlarged from partial heating. 

[0003] On the other hand, optical components as shown in drawing 12 are also known. This 
makes the optical fibers 3A and 3B of a pair counter, arranges the focusing nature rod lenses 
6A and 6B of a pair in the meantime, and arranges Polarizers 7A and 7B and the faraday rotator 
8 of a pair with an optical element further in the meantime. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional example of drawin g 
11 , there was a fault which the insertion slot 4 between optical fiber 3A and 3B cannot be 
made broad, therefore can incorporate only a thin optical element. This is because it is 
necessary to heat this part by the burner, in order to expand a part of (cutting section) MFD(s) 
(diameter of the mode field) like drawing 1 1 . before cutting an optical fiber 3. That is, if it is 
going to enlarge MFD over the long range in order to make the insertion slot 4 broad, heating 
will take long duration and sufficient yield will not be obtained. 

[0005] On the other hand, although it can attach in the conventional example of drawin g 12 
even if it is a thick optical element, it is necessary for that to form the focusing nature rod lens 
6 independently, assembly components increase, and attachment takes time and effort. 
Moreover, since it is necessary to carry out optical-axis doubling according to an individual, 
mass-production nature is also missing. This invention makes it the technical problem to solve 
these troubles. 
[0006] 

[Means for Solving the Problem] The optical element in which the optical components 
concerning this invention have an optical incidence end face and an optical outgoing radiation 
end face. The 1 st optical fiber with which one end face was optically combined with the optical 
incidence end face. One end face is connected to the other-end side of this 1st optical fiber, 
and it compares with the 1 st optical fiber concerned. Relatively The 2nd small optical fiber of 
the diameter of the mode field, One end face is connected to the other-end side of the 3rd 
fiber with which one end face was optically combined with the optical outgoing radiation end 
face, and this 3rd fiber. Compared with the 3rd optical fiber concerned, it has the 4th small 
optical fiber of the diameter of the mode field relatively, and. as for the 1 st and 3rd optical 
fibers, the diameter of the mode field is continuously made small [ near / the / the other-end 
side ]. In this case, the 1st dopant (for example, germanium) which raises a refractive index to 
the core of the 1st and 3rd optical fibers, and the 2nd dopant (for example. F) to which thermal 
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diffusivity lowers a refractive index greatly rather than this 1st dopant are contained, and, as for 
the 1st and 3rd optical fibers, it is desirable to carry out fusion splicing to the 2nd and 4th 
optical fibers by heating, respectively. 

[0007] Moreover, the optical components concerning this invention are equipped with the above 
optical elements and the 1st, 2nd, 3rd, and 4th optical fibers, and. as for the 2nd and 4th optical 
fibers, the diameter of the mode field is enlarged continuously [ near / the / the other-end 
side ]. In this case, the 1st dopant which raises a refractive index is contained in the core of 
the 2nd and 4th optical fibers, the 2nd dopant to which thermal diffusivity lowers a refractive 
index greatly rather than the 1st dopant of the above is contained in these dads, and, as for 
the 1st and 3rd optical fibers, it is desirable to carry out fusion splicing to the 2nd and 4th 
optical fibers by heating, respectively. 

[0008] In addition, also in invention [ which ], an optical element and said 1st, 2nd, 3rd, and 4th 
optical fibers have especially the desirable thing that it is fixed on a single substrate and 
arranged superficially. 
[0009] 

[Function] With the optical components of this invention, an optical element is pinched with the 
1st and 2nd large optical fiber of MFD, and the 3rd and 4th small optical fiber of MFD is 
connected to these 1st and 2nd optical fibers. And in an optical fiber comrade's connection, 
since it is carrying out whether MFD of the 1st and 2nd optical fiber is continuously made small, 
or MFD of the 3rd and 4th optical fiber is enlarged continuously, refractive-index distribution is 
mostly in agreement by the connection, and optical coupling is made suitably. 
[0010] Moreover, since the die length of the 1st and 2nd optical fiber can be set as arbitration, 
even if it can process and cut so that broad spacing may be produced on a substrate, therefore 
it thickens an optical element, it becomes possible to attach suitably. Furthermore, since it is 
processible on a substrate, optical-axis doubling becomes easy and certain. 
[0011] 

[Example] Hereafter, an accompanying drawing explains some examples of this invention. 
Drawing 1 shows the configuration of the 1st example and this drawing (a) is [ a front view and 
this drawing (c) of a plan and this drawing (b) ] side elevations. Moreover, drawing 2 and drawin g 
3 are the conceptual diagrams showing a manufacture process, and drawing 4 is the perspective 
view showing a part of the process. 

[0012] V groove 2 is formed in the top face of the short form plate-like substrate 1 which 
consists of silicon, and the optical fiber 3 is attached here as shown in drawin g 1 . And a 
pressure plate 1 1 is laid in a top face, and the adhesives which are not illustrated are embedded 
in the spacing section. With the substrate 1 and the pressure plate 1 1 , the optical fiber 3 is cut 
in the center section in the insertion slot 4, and the optical element 9 which becomes spacing 
by this from Polarizers 7A and 7B and the faraday rotator 8 is inserted. In addition, about the 
element of these optical elements 9, it is good also as the wavelength plate which constitutes 
an isolator, a birefringent plate, etc. 

[0013] Here, after optical fibers 3A and 3B carry out fusion splicing of the three optical fibers, 
they are cut and constituted, for example, they are created in the process of drawing 2 . First, 
two optical fibers 31 (core diameter: micrometers [ 8 or 5 ], relative index difference deltan:3.% 
[ 3 ]. MFD:9, 5 micrometers) with small MFD and one short optical fiber 32 (core diameter: 
micrometers [ 3 ], relative index difference deltan:0, 3%) with large MFD are prepared, and an 
end face is made into a mirror plane and made to counter like drawing 2 (a). Next, these end 
faces are made to contact and fusion splicing is carried out by heating by a burner etc. Then, it 
is an optical fiber 32 like drawing 2 (b). MFD contracts continuously near the end face and 
optical coupling is suitably made by 0 or about 5dB optical loss. 

[0014] Drawing 3 shows this mechanism. First, about the small optical fiber 31 of MFD, the core 
and the clad are formed only by the dopant with small thermal diffusivity. On the other hand, 
large optical fiber 32 of MFD If it attaches, the 1st dopant with small thermal diffusivity (for 
example, germanium which raises a refractive index), and the 2nd dopant with large thermal 
diffusivity (for example, F which lowers a refractive index) are included in a core. The dopant 
concentration and the refractive index in this case become as it is shown in the chart on the 
left of drawing 3 (a), (b). and (c). 

[0015] In this condition, it is an optical fiber 31. Optical fiber 32 If short-time heating performs 
fusion splicing, the 1 st dopant with large thermal diffusivity will be extended, relative index 
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difference deltan between a core and a clad will become large relatively, and a core diameter 
will hardly change on the other hand. For this reason. MFD becomes small relatively like drawin g 
3 (d). Then, it is the large optical fiber 32 of MFD about this optical fiber. If it cuts in the center 
section, the optical fibers 3A and 3B of the pair which combined the optical fiber with which 
MFD(s) differ like drawin g 2 (c) will be obtained. If an optical element 9 is inserted in the 
opening between these optical fibers 3A and 3B, structure shown in drawing 1 will be realized. 
[0016] It is drawing 4 (a) and (b) which showed the condition of drawin g 2 (b), (c). and (d) with 
the perspective view. V groove 2 is formed in the substrate 1 like drawin g 4 (a), and the optical 
fiber 3 of the condition of drawing 2 (b) is incorporated here. And after setting a pressure plate 
1 1 (not shown) and fixing with adhesives (not shown), the insertion slot 4 is formed with a 
diamond cutter etc.. and it is an optical fiber 32 to coincidence. It cuts. And an optical element 
9 is inserted in the gap section of optical fiber 3A and optical fiber 3B like drawin g 4 (b), and it 
fixes with optical adhesives (not shown) etc. 

[0017] According to this example, they are the large optical fiber three A2 of MFD. and 3 B-2. 
Since die length can be set as arbitration, the width of face of the insertion slot 4 can be set as 
arbitration, therefore even if it is the thick optical element 9 and is the thin optical element 9, it 
can unify easily. Moreover, optical fiber three A1 Optical fiber three A2 A connection and 
optical fiber three B1 Optical fiber 3 B-2 Since he is trying for MFD to continue smoothly, 
neither of connection enlarges optical coupling loss. Moreover, since the process (process of 
short-time heating) of this continuous coincidence of MFD is made by coincidence in the 
process which carries out fusion splicing of the two optical fibers, its manufacture top is also 
very advantageous. Moreover, since it is fixed and processed into a substrate, optical-axis 
doubling is exact and easy, and mechanically stable. 

[0018] Drawin g 5 is the top view of the example which combined three optical fibers. Optical 
fiber 3A, optical fiber 3B, and optical fiber 30 are both the small optical fiber 31 of MFD. Large 
optical fiber 32 Carrying out fusion splicing, it was constituted and these end faces have 
countered in the shape of T character in one place. And the optical element 9 which consists of 
a dielectric multilayers filter is attached in this opposite section so that 45 degrees may be 
made to the end face of the optical fiber 3 which counters, respectively. 
[0019] It sets in this configuration and is an optical fiber three A1. Incidence of the light of 
wavelength lambda 1 (for example. 1.55 micrometers) and wavelength lambda 2 (for example. 1.3 
micrometers) is carried out. if the dielectric multilayers filter of an optical element 9 is 
constituted at this time so that passage and 1.3 micrometers may be reflected for 1.55 
micrometers — optical fiber three B1 from — wavelength lambda 1 and optical fiber 301 from - 
- wavelength lambda 2 Outgoing radiation can be carried out and the so-called optical 
multiplexer/demultiplexer can be realized. 

[0020] Drawin g 6 is the perspective view showing the example which realized the configuration 
of drawin g 5 on the silicon substrate 1. Two V grooves 21 which intersect perpendicularly with 
the top face of a substrate 1, and 22 It is formed by etching etc. and three optical fibers 3A, 
3B, and 30 are set here. And they are V grooves 21 and 22 after that. The rectangle slot 21 is 
formed in an intersection and the optic which has a dielectric multilayers filter and micro prism 
here is fixed. Also in this case, since it is set on a substrate 1 , alignment becomes easily and 
exact. Moreover, although the large optical fiber of MFD has large bending loss, when fixed to a 
substrate, this un-arranging does not exist, either. 

[0021] Next, the optical components concerning the 2nd example are explained. Optical fiber 31 
for optical communication for example, with MFD small in the 1st example Large optical fiber 32 
of MFD It hits carrying out fusion splicing and is an optical fiber 32 by heating. He was trying for 
MFD to become small continuously at the end. On the other hand, at this 2nd example, it is the 
small optical fiber 31 of MFD by heating. It is made for MFD to become large continuously at 
the end. Therefore, a mechanical configuration becomes being the same as that of drawin g 1 . 
[0022] Drawin g 7 shows the manufacture process and supports drawin g 2 . Moreover, the 
explanation corresponding to drawing 3 is drawing 8 . In this example, the core and the clad 
consist of only DOPANDO with small thermal diffusivity about the large optical fiber 32 of MFD 
(core diameter: 9 micrometers. deltan:0, 06%, MFD:82micrometer). On the other hand, about the 
small optical fiber 31 of MFD (core diameter: 9 micrometers. deltan:0, 3%, MFD:9. 6 
micrometers), the 2nd DOPANDO (for example, F) with the operation to which core ****** and 
thermal diffusivity lower a refractive index for the 1st DOPANDO (for example, germanium) in 
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which thermal diffusivity has the operation which raises a refractive index small greatly is 
included in a clad. Then, it is an optical fiber 31 by discharge heating of a short time 
accompanying fusion splicing. It spreads or transpires, F of a clad vaporizes, and the refractive 
index of a core becomes low relatively. At this time, a core diameter is hardly changed to 
becoming the almost same refractive-index distribution by the connection. For this reason, 
MFD becomes large relatively like drawing 8 (d). 

[0023] When the optical fiber 3 of drawing 7 (b) is obtained as mentioned above, it is the large 
optical fiber 32 of MFD. The optical fiber three A2 which cut the part in width of face of about 
500 micrometers, and was formed of this, and optical fiber 3 B-2 An optical element 9 is 
inserted in the opening of a between. If it does in this way, in the usual optical fiber, optical loss 
which was about lOdB will be made to 0 or about 3dB. In addition, in this example, it cannot be 
overemphasized that optical components like drawing 5 can be constituted. 
[0024] Drawing 9 shows the application to a polish mold optical fiber coupler. This coupler 
grinds the side face of two optical fibers, sticks both and consists of this polished surface. 
Optical fiber 32 with large MFD in this example In a part, the clad section is ground from one 
side and stuck (refer to drawing 9 (a)). Then, in this part, since MFD is large, even if it does not 
make a core comrade approach not much, sufficient optical coupling can be obtained. 
[0025] Drawing 9 (c) shows this and the sectional view of a bond part and lower drawing of 
upper drawing are the refractive-index distribution and an optical intensity-distribution Fig. 
Drawing 9 (b) shows the conventional example made to contrast with drawing 9 (c). In optical 
fiber 3 small comrade of MFD. unless it makes a core fully approach, optical coupling is not 
carried out good. That is, if MFD becomes large as shown in drawing 10 . even if it enlarges 
distance between cores, sufficient optical coupling will be obtained. 

[0026] This brings a big advantage to the manufacture process of a polish mold optical fiber 
coupler. That is, since MFD is generally about 10 micrometers in a single mode fiber, it is not 
easy to control the amount of polishes correctly. However, according to this example, since 
MFD can grind in a large part, even if it makes precision of the amount of polishes loose, good 
optical coupling can be constituted. 
[0027] 

[Effect of the Invention] According to this invention the above passage, an optical element is 
pinched with the 1st and 2nd large optical fiber of MFD, and the 3rd and 4th small optical fiber 
of MFD is connected to these 1st and 2nd optical fibers. And in the connection of optical fibers, 
since it is carrying out whether MFD of the 1st and 2nd optical fiber is continuously made small, 
or MFD of the 3rd and 4th optical fiber is enlarged continuously, optical coupling is made 
suitably. Moreover, since the die length of the 1 st and 2nd optical fiber can be set as 
arbitration, even if it can process and cut so that broad spacing may be produced on a 
substrate, and it thickens an optical element, it becomes possible to attach suitably. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram of the optical components concerning the 1 st example. 
[ Drawin g 2] The manufacture process Fig. of the optical components shown in drawing 1 . 
[ Drawin g 3] Drawing showing the principle of drawing 2 . 

[ Drawing 4] The perspective view of the manufacture process of the optical components shown 
in drawing 1 . 

[Drawing 5] Drawing showing the deformation mode of the 1st example. 
[Drawing 6] The perspective view which materialized the optical components of drawin g 6 . 
[Drawing 7] Drawing showing the structure and the manufacture process of the 2nd example. 
[Drawin g 8] The principle explanatory view of drawing 7 . 

[ Drawin g 9] Drawing showing the application to a polish mold optical fiber coupler. 

[ Drawin g 10 ] The principle explanatory view of drawing 9 . 

[Drawin g 1 1] The top view of the conventional example. 

[ Drawin g 12 ] The perspective view of another conventional example. 

[Description of Notations] 

1 [ — An insertion slot, 5 / — A dielectric multilayers filter, 6 / — A focusing nature rod lens, 
7 / — A polarizer, 8 / — A faraday rotator, 11 / — A pressure plate. 9 / — An optical 
element 21 / — Short ****, ] — A substrate. 2 — A stem plate, 3 — An optical fiber. 4 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 
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